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TRANSONIC FLUTTER STUDY OF A 50.5° CROPPED-DELTA WING
WITH TWO REARWARD-MOUNTED NACELLES

By Maynard C. Sandford, Charles L. Ruhlin,
and Irving Abel
Langley Research Center

SUMMARY

Transonic flutter characteristics of three geometrically similar delta-wing models
were experimentally determined in the Langley transonic dynamics tunnel at Mach num-
bers from about 0.6 to 1.2. The models were designed to be simplified versions of an
early supersonic transport wing design. The model was an aspect-ratio-1,28 cropped-
delta wing with a leading-edge sweep of 50.5°. The flutter characteristics obtained for
this wing configuration indicated a minimum flutter-speed index near a Mach number of
0.92 and a transonic compressibility dip amounting to about a 27-percent decrease in the
flutter-speed index relative to the value at a Mach number of 0.6. Analytical studies were
performed for one wing model at Mach numbers of 0.6, 0.7, 0.8, and 0.9 by using both
doublet-lattice and lifting-surface (kernel-function) unsteady aerodynamic theory. A
comparison of the analytical and experimental flutter results showed good agreement at
all Mach numbers investigated.

INTRODUCTION

Although aircraft have been designed for a number of years to operate at supersonic
speeds, there is still considerable need for a better understanding of transonic flutter
characteristics, since traversal of this range is necessary to reach supersonic flight,
Past experience has shown that the transonic Mach number range is the most critical
since the minimum flutter dynamic pressure usually occurs there. Since transonic
unsteady aerodynamic theory is not developed to the stage that it can be used with confi-
dence for flutter prediction, it is necessary to rely upon experimental studies to provide
transonic flutter data. A review of the recent literature indicates a noticeable lack of
transonic flutter studies of a research nature for configurations of current interest,

The purpose of this paper is to present the results of a transonic flutter investiga-
tion of three geometrically similar cropped-delta wing models that were studied to estab-
lish baseline data for the design of a model for use in active flutter-suppression studies.
The models were designed to be simplified versions of an early supersonic transport
wing. The model was an aspect-ratio-1.28 cropped-delta wing with a leading-edge sweep
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of 50.50 and a taper ratio of 0.127, Two high-fineness-ratio bodies simulating mass and
inertia characteristics of the engine nacelles were mounted on the underside of the models,
The differences between the models were size, mass, and stiffness level and -distribution,
Based on the full-scale design, there were two 1/36-size models and one 1/17-size model,
Flutter boundaries were experimentally determined in the Langley transonic dynamics
tunnel over the Mach number range from about 0.60 to 1.20. Analytical flutter results
were obtained for the 1/17-size model at Mach numbers of 0.6, 0.7, 0.8, and 0.9, The
experimental and analytical results are presented and discussed in the main body of the
paper. Some of the details of the analysis and a discussion of the method used to display
graphically the measured modal data which were determined for use in the flutter calcula-
tions are presented in appendixes A and B.

SYMBOLS

b one-half mean geometric chord of wing, 0.281 m for 1/36-size model and
0.596 m for 1/17-size model

c streamwise chord, m

f flutter frequency, Hz

f; natural frequency of ith structural vibration mode (i=1,2,. . ., N), Hz
IN engine nacelle pitch moment of inertia about center of gravity, kg-m?2

M Mach number

my mass of nacelle, kg

myy mass of semispan wing panel (without nacelles), kg

mwN total mass of wing configuration, includes semispan wing and nacelles, kg
t airfoil thickness, m

\' free-stream velocity, m/s



v volume of a conical frustum having wing chord at root (BL 0) as base
diameter, wing tip chord as upper diameter, and wing semispan as height,
0.1246 m3 for 1/36-size model and 1.183 m3 for 1/17-size model

X streamwise coordinate, origin at FS 0 (see fig. 2), m

x/c fraction of local streamwise chord
Y spanwise coordinate, origin at BL 0 (see fig. 2), m
Zi nondimensional vertical displacement of ith structural mode, normalized to

FS 50 (see table I(a))

n nondimensional spanwise coordinate

MWN
Test medium density X v

73 mass-density ratio,

Abbreviations:
BL buttock line (see fig. 2), m
FS fuselage station (see fig. 2), m

DESCRIPTION OF MODELS

General

Three semispan delta-wing models were used in the present investigation. The
models had similar planforms but differed in size, mass, and stiffness properties. The
models were simplified representations of an early supersonic transport wing design.
Photographs and sketches of the models are presented in figures 1 and 2. There were f
two 1/36-size models, referred to hereafter as wing A and wing B, and there was a |
1/17-size model, referred to hereafter as wing C. Relative to the full-scale design,

wing A was stiffer than wing B, and wing C was the least stiff of the three models.

The model was an aspect-ratio-1.28 cropped-delta wing with a leading-edge sweep-
back angle of 50.5° and a taper ratio of 0.127. The symmetrical circular-arc airfoil
section had a thickness-to-chord ratio of 0.03. Two high-fineness-ratic bodies simulating
the mass and inertia characteristics of engine nacelles were mounted on the underside of



the wing at about 22 and 44 percent of the wing semispan. Each nacelle provided a con-
centrated mass of about one-half of the wing-panel mass.

The model was cantilever-mounted from the tunnel side wall, (See fig. 1.) The
model was clamped to a relatively rigid mounting block which was attached to a turntable
in the tunnel wall. A simulated fuselage shape which extended ahead of and behind the
wing was attached to the mounting block. This mounting arrangement brought the wing
root outside the tunnel wall boundary layer. A photograph of a typical model installed in
the tunnel is shown in figure 1 with the lower fuselage fairing removed.

Construction

Each of the three semispan wing models was constructed of an aluminum-alloy plate
and covered with balsa wood which was contoured to the proper airfoil shape. Some
details of model construction are illustrated in figure 3. The plate thickness was tapered
linearly in the spanwise direction in two sections. The break in the taper was at the
0.53 nondimensional semispan station. The plate thickness at the break, root, and tip
stations is presented in the table in figure 3 for all three models. Holes were chemically
milled through the aluminum plate in order to simulate a rib and spar pattern. The balsa-

wood covering was fabricated by gluing strips of balsa wood (with the grain oriented chord-
wise) to the top and bottom of the aluminum-alloy plate to form a continuous covering.
The balsa-wood covering was then cut and sanded to produce the proper airfoil shape and
planform dimensions since the balsa wood overhung the aluminum plate. Two identical
engine nacelles were constructed for each of the three models tested. Each nacelle con-
sisted of a cylindrical centerbody with an ogive nose and a conical tail fairing. The
centerbody was a thick-wall steel tube and was ballasted with lead weights. The nose
and tail fairing were constructed of balsa wood. Electrical resistance wire strain gages
were mounted on the main structural plate of each wing model near the root to indicate
deflections in bending and torsion.

Physical Properties

Stiffness.- The primary stiffness properties of each model were obtained from the
aluminum-alloy plate. Since the spar and rib pattern was identical for all models, stiff-
ness variations between models were accomplished by varying the plate thickness. (See
table in fig. 3.) Wing A and wing B differed both in stiffness level and stiffness distribu-
tion, wing A having the higher stiffness level. Wing C was built to have the same stiffness
distribution as wing A but the scaled stiffness level was reduced for the convenience of
obtaining flutter at low dynamic pressures.

Mass.- Some measured total mass and inertia properties of the three wing panels
and the engine nacelles are presented in table I. Additional mass data were obtained for
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wing C in the form of generalized masses and are presented in table II{b). The mass
distribution of wing C was designed to be the same as that of wing A but the mass distri-
bution differed between wing A and wing B. Generalized masses were determined by
using the method of displaced frequencies described in references 1 and 2,

Frequenci.es.- The nodal patterns and corresponding frequencies for the first six
natural modes for wing A and wing B cantilever-mounted in the wind tunnel are presented
in figure 4. A comparison of the nodal patterns shows that the three lowest modes are
very similar,

A more detailed determination of the vibration characteristics of wing C was made
for use in analytical studies. In addition to obtaining natural frequencies and nodal pat-
terns as was done for wing A and wing B, the actual mode shapes and corresponding
generalized masses were experimentally determined for wing C. (See table IL.) The
mode shapes were measured at 54 stations on the wing surface (six spanwise stations and
nine chordwise stations). 8ix additional points were added to define the engine motion.
Each station number, coordinate location, and the nondimensional vertical displacement
for the first nine natural modes are presented in table Ii(a). Computer graphic display
of the mode shapes for the first nine natural modes of wing C are shown in figure 5. A
discussion of the methods used to generate these computer plots of the mode shapes is
described in appendix A.

WIND-TUNNEL AND TEST PROCEDURES
Wind Tunnel

This investigation was conducted in the Langley transonic dynamics tunnel which
has a 16-foot-square test section with cropped corners and is a return-flow, variable-
pressure, slotted-throat wind tunnel. It is capable of operation at stagnation pressures
from near vacuum to slightly above atmospheric and at Mach numbers from 0 to 1.2.
Mach number and dynamic pressure can be varied independently with either air or Freon
used as a test medium. For the present investigation, only Freon was used. The tunnel
is equipped with four quick-opening bypass valves which can be operated when flutter
occurs in order to reduce rapidly the dynamic pressure and Mach number in the test
section. A more complete description of the wind tunnel is given in reference 3.

Test Procedure

The usual test procedure was to set a given stagnation pressure in the tunnel and
vary the Mach number (and dynamic pressure) from a low subsonic value up to conditions
where the model fluttered or the maximum Mach number obtainable at this pressure was
reached. At flutter, the bypass valves were opened to reduce quickly the dynamic pres-
sure and Mach number. Similar Mach number sweeps at various stagnation pressures



were made to define the flutter boundaries up to the transonic dip (Mach number 0.92),
For some flutter points, a constant Mach number was maintained while the stagnation
pressure was increased until flutter occurred. Throughout these tests the model angle of
attack was adjusted to minimize static loads on the wing.

During the tests, strain-gage signals from the model were monitored continuocusly
and recorded on direct readout recorders. Visual records of the models were provided
by high-speed motion pictures taken from the side and from the rear of the model. Also,
a closed-circuit television tape system was used to provide a quick review of the flutter
occurrences. Tunnel conditions were automatically recorded.

RESULTS AND DISCUSSION

General

From visual observations and high-speed motion pictures, the flutter modes for
all three wing models resembled closely the second natural vibration mode with some
coupling of the fundamental bending mode. Therefore, the second-mode frequency was
used to normalize the test results. A flutter analysis was performed on the largest size
model, wing C, by using measured mode shapes, generalized masses, and natural fre-
quencies of the first nine modes. Analytical flutter results were obtained for comparison
with the wing C model at Mach numbers of 0.6, 0.7, 0.8, and 0.9.

The experimental flutter results for wing A, wing B, and wing C are compiled in
table III and presented in figures 6, 7, and 8. The analytical flutter results for wing C
are presented in figure 9.

Experimental Results

The experimental flutter results for wing A, wing B, and wing C are presented in
figure 6 in terms of dynamic-pressure variations with Mach number. For the purpose of
correlating the flutter results of the three wing models, these flutter data are presented
in figure 7 in terms of the variation of the flutter-speed index with Mach number, This
parameter is designed to account for the effects on flutter of varying model geometric
size, relative stiffness, and mass levels for models of similar planform and similar
stiffness and mass distributions, provided that the flutter mode does not change and that
any significant mass-ratio effects are similar. Also included in figure 7 are variations
in mass ratio and flutter-frequency ratio with Mach number. Comparisons of the mass-
ratio and frequency-ratio results indicate good agreement for all three models throughout
the Mach number range covered and also indicate that mass-ratio effects were not signifi-
cant and that the flutter modes of all three wings are the same. The flutter-speed-index

parameters show good correlation for wings A and C which had similar mass and stiffness
AN
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distributions. Since these two models were designed to be different in geometric size and
in relative stiffness level, it is evident from these data that for these differences the
flutter-speed index is an adequate normalizing parameter. However, a large difference
exists in the flutter-speed-index values for wing A and wing B (same geometric size
models). This difference is not surprising since these two models were designed to have
different mass and stiffness distributions. Note that this large difference in flutter-speed
index is nearly constant over the Mach number range. Therefore, the flutter-speed-index
boundaries shown in figure 7 were normalized by their corresponding value at about

M = 0.6 and presented in figure 8. A single curve drawn through the data points as shown
in figure 8 indicates that the compressibility effects for all three wings were similar. The
flutter boundary shown in figure 8 indicates a minimum flutier-speed index near a Mach
number of 0.92 and a transonic compressibility dip amounting to about a 27-percent
decrease in the flutter-speed index relative to the value at a Mach number of 0.6.

Analytical Results

A comparison of calculated and experimental flutter results for wing C is pre-
sented in figure 9. The data are presented as a variation of the flutter-speed-index
parameter, flutter frequency, and mass-density ratio with Mach number. The calculated
results correspond to a matched point with respect to the flow velocity at the experimental
flutter point for that Mach number. (The matched point is determined by plotting the cal-
culated flutter speed as a function of flow density irom which the density corresponding to
the tunnel flow velocity at each Mach number is determinéd.) Throughout the Mach num-
ber range the calculated flutter-speed index, flutter frequency, and mass-density ratio
agree closely both in trend and level with the experimental results. During the analysis
it was found that the first six measured modes were required to achieve the resulis pre-

. sented. Additional modes up to nine did not change the analytical flutter results from
those obtained by using the first six modes. A brief discussion of the doublet-lattice and
kernel-function calculations used in these analytical studies are given in appendix B,

CONCLUDING REMARKS

An experimental flutter study was made in the Langley transonic dynamics tunnel at
Mach numbers from 0.6 to 1.2 for three wing models which had the same planform but
which differed in size, stiffness, and mass properties. The model was an aspect-ratio-
1.28 cropped-delta wing with a leading-edge sweep of 50.5° and a taper ratio of 0.127.
Two high-fineness-ratio bodies simulating engine nacelles were mounted on the underside
of the wing surface. Analytical flutter studies were performed on the largest model by
using nine experimentally measured structural mode shapes, generalized masses, and
natural frequencies. Some concluding remarks about the present flutter study are



1. All three wing models investigated showed a minimum flutter-speed index near a
Mach number of 0.92 and a transonic compressibility dip amounting to about a 27-percent
decrease in the flutter-speed index relative to the value at a Mach number of 0.6.

2. Analytical flutter studies using kernel-function and doublet-lattice aerodynamics
showed good agreement with experimental flutter results at Mach numbers of 0.6, 0.7,
0.8, and 0.9.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., February 19, 1974.



APPENDIX A

COMPUTER-GENERATED PLOTS OF THE MODE SHAPES

By Robert N. Desmarais’
Langley Research Center

The plots of the measured mode shapes appearing as figures 5(a) and 5(b) were pre-
pared by use of the graphics subroutines of a program that is used to compute slopes and
deflections for subsequent.aerodynamic force calculations. The program interpolates the
measured mode shapes by using a surface spline described in reference 4. That is, each
mode is represented by an interpolation function W given by

N
W(X,Y) = a1 + agX + ag¥ + Z biri2 loge riz (Al)
) i=1

where
ri2 = (X - X)% + (¥ - Yp?

The coefficients a; and b; are obtained by solving the system of N + 3 equations

N
Zj =aj +apXj + ag¥; + Z birijz logg rij2 (i,j=1...N) (A2)
i=1
where
rijz = (%j - X2 + (¥; - Yp)?
and

N N N
z bj = Z biX; = Z bi¥j =0 (A3)

The set of N points used to construct equations (A2) and (A3) was obtained by combining
the Np, measured data points listed in table II with nine additional equispaced points
along the root chord with zero deflections. An additional Ny, points were generated as
mirror images of the measured data points because it was assumed that the mode shapes
were symmetrical. Thus, a total of 2Ny, + 9 points were used to construct W(X,Y)



APPENDIX A — Concluded

where Ny, =54 for modes 1and2 and Np, =60 for modes 3 to 9. The mirror image
points insure that W(X,Y) is an even function of Y and the nine points along the root

insure that W(X,0) = 0. Thus, W(X,Y) closely approximates the geometric boundary

conditions of a cantilevered plate.

The oblique projection plots were constructed by using the interpolation func-
tion W(X,Y) described to compute the deflections over a program-generated rectangular
grid and then connecting the oblique projections of the grid points with straight lines,
Each grid rectangle has a chordwise length equal to 1/20th of the root chord and has
approximately the same spanwise width, (The actual width was adjusted so that the tip
would lie on a grid boundary.) For this projection, the X-axis is rotated 329 forward of
the plane of the paper and the X,Y plane is 30° below the horizontal.

The contour plots were drawn by using a program-generated equilateral triangular
grid, Within each grid triangle, each contour line segment is determined by the inter-
section of two planes. One is the tilted plane determined by the elevation of the three grid
vertices and the other is the horizontal plane of the contour level. The elevation of the
vertices of each triangle is computed from equation (Al).

10



APPENDIX B
FLUTTER CALCULATIONS

General

Flutter calculations were performed for the wing C model at Mach numbers of'0.6,
0.7, 0.8, and 0,9, The generalized aerodynamic forces were formulated through the use
of doublet-lattice aerodynamics at all Mach numbers and kernel-function aerodynamics at
M=0.6 and M =0.9., Two different aerodynamic theories were used for comparison
purposes. All flutter calculations were made by use of the nine experimentally measured
structural modes, generalized masses, and natural frequencies presented in figure 5 and
table II. The effect of varying flow density on the calculated flutter speed was determined
so that a matched point, corresponding to the tunnel flow velocity, was determined at each
Mach number,

Doublet-Lattice Calculations

The doublet-lattice flutter calculations were based on the method described in ref-
erence 5. In order to calculate the pressure distribution on an oscillating wing, the
method of reference 5 subdivides the lifting surface into an array of trapezoidal boxes
arranged in strips parallel to the airstream. The lifting surface is then replaced with
an unsteady vortex lattice composed of doublets located along the quarter-chord of each
box. The downwash boundary condition is then satisfied at the three-quarter chord of
each box. The model was divided into 160 boxes. The boxes are arranged in 16 stream-
wise strips with 10 boxes per sirip. Figure 10 shows the paneling scheme and gives the
locaticn of the box edges in terms of the wing span 7 and the local sireamwise
chord x/c. The downwash boundary condition on the wing is then evaluated by equating
the downwash to the slope and deflection measured for each structural mode, Since the
grid used to measure the structural modes (fig, 11) is not the same as the required aero-
dynamic grid (fig. 10), natural cubic spline functions similar to those described in ref-
erence 6 were used to determine the required slopes and deflections. The aerodynamics
are then combined with the mass and stiffness representation of the model in a conven-
tional flutter analysis to yield the required flutter speed.

Kernel-Function Calculations

Al]l kernel-function calculations were obtained by a method similar to that described
in reference 7. In this method the pressure distribution on an oscillating wing is calcu-
lated by numerically solving a linear integral equation which relates the pressure distri-
bution to the downwash specified at known control points. The downwash is related in

11



APPENDIX B — Concluded

turn to the mode shape for each structural mode. Thirty-six control points are used in
these calculations. The points are located at # = 0,121, 0,355, 0.568, 0.748, 0.885, and
0.971 along the wing semispan and at x/c = 0,057, 0.216, 0.440, 0.677, 0.874, and 0.985
along the local streamwise chord. The locations of these control points are shown by
circles in figure 10. Once again, spline interpolation functions were used extensively to
determine the slopes and deflections for each structural mode at the control points. The
kernel-function aerodynamics are then combined with the mass and stiffness representa-
tion of the model to yield the required flutter speed.

12
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TABLE I.- MEASURED MASS PROPERTIES

Center Inertia about center
of gravity of gravity My I
Model Mass, - N
kg BL, Fs, Pitch, Yaw, Roll, W —-
m m kg—m2 kg—m2 kg—m2 N
(a)
Wing A:
Wing 2.027 | 0,132 | 0,471 | 0,0853 | 0,0903 | 0,0417 —_ —
Inboard nacelle 1,039 L137 L1752 .0058 L0056 — 0,513 0.068
OQutboard nacelle 1,033 .268 L7592 .0054 . 0054 — .509 L067
Total - wing and nacelles 4,099 .168 .61l4 L1756 .1948 .0556 -— —
Wing B:
Wing 1,329 | 0,167 | D.505 | 0.0494 | 0.0676 | 0.0275 —_ -
Inboard nacelle .661 137 752 , 0037 L0037 — 0.496 0,072
futboard nacelle . 658 .268 .752 .0037 . D037 — 494 .072
Total - wing and nacelles 2.649 ,185 . 628 , 0969 .1103 .0340 — —_
Wing C:
Wing 14,215 —_ — — — — — -
Inboard nacelle 6.480 | 0,291 ¢+ 1,617 | 0,1470 | 0,1470 — 0,456 D.064
Duthoard nacelle 6,480 568 1,617 0.1470 1470 —_ 456 084
Total -~ wing and nacelles | 27.175 — — — — — — —_—

{a)

All wing mass properties are for semispan wing outboard of BL 0.0,




TABLE II.- TABULATED MEASURED MODE SHAPE AND GENERALIZED
MASS DATA FOR WING C MODEL

[X and Y arein meters. Zj to Zg are normalized to station 50.]

(a) Mode shape

STA X Y n Iz 3 zy F8 % ) I ° Iy
1 .264  .153  .0@9  ,0&7 ~.001 ~-.0O3 .O1G -,016  .022  .03%  .O&l
2 L.u3g L1533 ,008 .008 -.008 ~-.007 .009 ~-.025 .D31 049 063
3 .11 155 ,012 ,0lo0 -.015 ~-.011 018 =.,023 .03 057 .O71
& .785 ,153 016 008 =-.,024 -,015 033 ~-.0l4 .O4O .06 066
s .97u  ,153  .021 .005 ~-,027 ~-.013 063  .0l0 .033  .O4E 036
6 1.16s 153  ,027 -.001 ~-.034 =-,011 ,163  .038 .030 03§ ~-,003
7 1,337 .153  ,035 -.008 ~-.046 ~-.DO4  .1s3 D58  .028 025 - Q047
& 1,11 ,153  ,03 =-.026 ~-,070 .02F .i54 .050 ,02¢ 018 ~-.042
8 1.68% ,183 051 =-,053 -,116 .0BZ  .124  .0ls  .021  .00O -.083

10 .607 J450 038 L4 =-,151 ~-.095 -.0p22 ~-.228 L1883 .323 384
11 740 2450 2053 046 -,.31%6 -.106 -,Q11  -.207 .184 .319 .351
12 287k 450 .070 L0810 -.187 -,112 014 =,150 173 <280 284
13 1.008 450 .090 L033  -.189 -.110 083 -,d63 2141 216 .159
15 1,154 S50 112 017 =.159 ~-.088 083 48 Ll0¢ 134 .097
15 1,300 L450 137 ~.085 .118 161 L0640 .056 -~.002
1R 1,43k L850 L6 =.041 ~.1LL  -,053 .135 L2310 .039 .08 ~-.087
17 1.568 «450 -.006 .105 .208 039 L0066 -~.138
18 1,742 450 .0LS . 055 118 056,040 -,163

'
o
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=
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o
<a

b
w oo
o
[
o
o
=¥
(]
[=X-]
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e

113 .915 L721 174 L3130 ~.425 ~-.246 -.229 -.608 . 265 -4GE .280
20 1.016 W72l 208 L1256 -, 406 -.237
21 1.11% 721 L 235 LJILG -.352  -.710
22 1.212 L7121 L2614 L1103 -.301 -.187
23 1.319 721 .296 L085 -,225 ~-.157
26 1,425 721 V337 060 -.135 ~.125
25 1.523 721 2378 .032 ~-,039 ~-.0395
26 1.621 2721 412 0.000 066 -.0G6
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32 1.457 .950 507 .318 013 025
33 1,531 « 950 . 580 .326 L1531 L0481
34 1,598 +950 .505 L3258 .229 2152
35 1.665 950 WBL42 345 W36 .228 .099 L3537 -.304 -, 482 L0ug
36 1.733 «950 G688 L3562 JU463 L2994 .208 L5848 =,352 =.612 185

27 1.719 721 L4h0 ~.038 .180 -.4386 010 L3oh -.28u ~.408 272
28 1,182 L9500 L428 305 ~.3p5 -,187 -,072 =1,167 ~-_024 263 =.601
19 1,250 .950 436 L3064 =,277  ~,156 ~.500 ~-,971 ~=.072 L1687 ~.575
30 1.317 .950 L478 307 -.1491  -.100 ~.L34 -80S -.123 L0050 -,531
31 1,384 .950 W5l L.312 -,p95  -.@n3  -,339 -,603 -,166 =-.056 ~.LCGOD
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37 1.383 l.12b .BE7 606 .102 203 -.320 -.945 .021 L2337 -.450
38 1,427 1.12m 17 619 207 .268
39 r,k?71 1,1z2u 734 MY 307 L3k -.048 - L3E .086 .211 -.559
40 1,515 1,12y .758 L6720 .609 432 .082 ~,189 .130 <195 -.354
@l 1,563 1,124 .751 .58E .318 .50¢8 242 .082 .18 187 -.116
42 1,611 1.124 .515 .707 .619 585 38k 363 .209 .158 L1122
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45 1,703% 1,124 L8035 L7488 .B8E 774 L7872 1,127 .303 .072 .761

49 1,586 1,233 412 974 907 .925 .859 L7137 L9058 L5961 . 754
50 1,629 1,233 1.000 1.000 1.000 1.,00C 1.000 1,000 1l.000 1,600 23,000
51 1,661 1.233 .994 1.009 1.074 1,067 1.1L& 1.268 1.051 1,033 1.272
52 1,590 1,233 1,017 1,034 1,178 1,122 1.290 1.511 1.143 1,066 1,505
53 1,720 1,23% 1.01% 1,035 1.235 1.155 1.410 1,720 1,196 1.0%5 1.766
54 1,750 1.233 1.051 1.040 1.39%4¢ 1.220 1.531 1.950 1,25} 1,066 1,375

55 1.709 L567 * - 242 -.041 -.006 ~-.073 .036 .056 018
56 1.581 567 * " 035 -.063 LOL3 L1470 -.00%  -.040 .030
57 1.u73 .567 * * L1133 -,095 065 «240 -.023 ~,069 .035
58 1.692 .251 * * . 261 £211 =,077 -,032 L0063 .017 .015
59 1.537 »291 * * .151 056 L1135 2120 034 026 ~.,118
6én 1,382 .291 * * -105 ~-.018 .162 bk .04y 037 =.092

" DEFLECTIONS AT STATIONS 55 THROUGH 60 WERE NOT MEASURED FOR MODES 1 AND 2,



TABLE II.- TABULATED MEASURED MODE SHAPE AND GENERALIZED
MASS DATA FOR WING C MODEL - Concluded

(b) Generalized mass

Natural .

T
1 7.8 1536
2 16.4 489
3 24,1 1065
4 25,4 720
5 38.2 1885
6 43.3 820
7 45.9 351
8 48,2 - 2520
9 58,1 1445
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TABLE III.- COMPILATION OF EXPERIMENTAL RESULTS

[All data obtained in Freon medium]
- v
Model Mach | Dynamic Velocity, | Test medium Reynolds f, | f/f2 u v b(ZTsz)ﬁI
canfiguration | number | pressure, m/s density, number Hz b(zfrfz)dﬂ ( v )
2 3
KN/m kg/m (a) : a2 M [y o g
Wing A 0,665 13.15 103,14 2.472 11,04 x 106 [ 28,2} 0,814 | 13.31 0.462 1,000
,873 g.04a 134,72 ,992 5,85 26.3 L7159 | 33,18 . 382 .827
.83 7.78 136, 64 .834 5.06 25,2 | ,727{ 39,43 .355 .170
.20 6.87 140,91 .692 4,32 23,8| ,687 | 47.57 .333 .722
.929 1.77 145,33 L1736 4,60 24.0 L6393 | 44,68 .355 L7699
1,000 11.00 155,54 .209 6,11 26,61 ,768| 36,19 422 ,914
Wing B 0,620 9.77 94.79 2,175 9.14 «x 106 | 26,2 | 0.887 9.78 0.580 1.000
LT 8.41 118,57 1,197 6,32 24,7 .838| 17.76 ,538 .228
. 924 5.61 142,46 .533 3,45 20,9 707 38,45 JA4AD .158
1.191 8.80 182,76 .527 4,25 _ 22,T| .768)40.37 .550 .949
Wing C 0.603 8.68 93,52 1,985 17,01 = 10% [ 12,91 0,791 | 21.60 | 0,450 1.000
.108 7.97 109,74 1.324 13,386 12,5§ 766 | 17,38 L431 .958
.811 7.21 124 .85 .945 10,76 12,1 ,741| 24.88 L410 .912
. 907 5.55 145,32 . 526 6,69 11.0 ,674 | 43,78 . 358 .796
(a)Reynolds number based on mean geometric chord of wing.
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L-69-4866
Figure 1.- A 1/36-size model mounted in the Langley
transonic dynamics tunnel.
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SIMULATED ENGINE MACELLE (TYP)

——SIMULATED ENGENE NACELLE (TYP)

T

0.094 0.210
4—F&5 0,833 — % T 4+—FS 1.763 l
Pt H CENTER-OF GRAVITY (TYP) 1
1 [0.0811
“ :/ 0.108
‘0} —l
y o [
110349 1
FS 0,695— Vo e FS 1,472
-] : : : E
[ Vol L
i Vo
L |
A vt
\vl ___\.4‘
o o
a o
0,433 | /MOUNTSHG PLATE 1,763 oo
)
5 o
(=0
[ a o
Fs v,050— L FS DINENSLONS F§ 0.206—— — F5 DIMENS]ONS
F$ 0.0 F§ 0,0
r——BL DIMENS10HS - ———BL DIMENSICNS—=
TOF VIEW TOP VIEW
TUNNEL WALL TUNNEL WALL
/ FUSELAGE (CONSTANT 0,051 M, RADIUS ABUUT WING RDOT) / FUSELAGE (CONSTANT 0108 M, RADIUS ABQUT WING ROOT)
— \/‘ I~
0.075| k 0.15%
4 — 1
0.102 -_;:ﬂ:ﬂj — 0.216 —:ﬂ;ﬁj_/ —
c.076 o 0,127 '
0,U254 DIAMETER (TYR) D,051 TIAMETER {TYP)
BL 0,0 BL 0,137  HL 0,288 BL D.539 BL 1,0 BL 0,201  BL 0,587 BL 1,270
FRONT VIEW FHONT VIEW

{(a) 1/36-size model.

Figure 2.- Sketches of models.

(b) 1/17-size model.

All dimensions are in meters.
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Section A-A

W

Simulated rib

Simulated spar—

)

Internél plate thickness, m
Wing
n=0.01! M= .,53|7=10
:{ A | 0.009525 | 0,003810 | 0,000457
| B , 005004 ,002692 000635
C 016408 006502 000711
Win lanf 1
g planform (balsa) M= 1,00

ing internal structure
(aluminum alloy)—

i

sialelnibeiniahiuiab
Pl

Mounting plate

Figure 3.- Typical details of model construction.
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Nodal line

Wing A with nacelles

-————-- Wing B with nacelles

Mode 2
- [
- b
- -
i p— —
/
/ =
T u
[ I

Mode 4

Vibration Wing A Wing B
mode Frequency, £/, Frequency, fi/f2
He Ha
1 168.65 0.54 12.69 Q.46
2 34,65 1.00 29,55 1.00
3 58.30C 1.68 50,40 1.71
4 102.20 2,95 83.50 2.83
5 114,00 3.29 106,20 3.59
6 136.0C 3.93 11¢.60 4.05

Figure 4.- Measured nodal lines and frequencies of natural
vibration modes for 1/36-size models in wind tunnel.
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Figure 5.- Computer graphic display of measured mode shapes associated with natural

vibration frequencies for 1/17-size model.
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Figure 6.- Variation of flutter dynamic pressure with Mach number.
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Figure 7.- Variation of flutter-speed index, flutter-frequency ratio,
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Figure 8.- Variation of normalized flutter-speed index with Mach number.
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Figure 9.- Calculated and experimental flutter characteristics (wing C model).
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Figure 10.- Paneling scheme for doublet-lattice aerodynamics and collocation-point locations

for kernel-function aerodynamics.
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L4 +++++
37 383940 41 42 4344 4

44+ At H
54

O I e A T S S

5

NABA -Langley, 1974

28 29 30 31 32 33 34 35 36
+ + + + + +
22 23 24 25 26 27
+ + +
57 56 55
+ + o+ o+ o+
14 15 16 17 18
+ + +
80 59 58
=+ -+ + +
[} 7 a 9
Pt n x/c | Pt n xfc || Pt n %/c || Pt n x/c i Pt 1 x/c || Pt n x/C
1 |.x205 |.05 10 |.3546 | .05 1% |,5681 | .05 28 |.7485 | .05 37 |.8854 | .05 || 46 [;9709 (.09
2 .1205 | .16 | 11 |.3%46| .16]| 20 |,5681 | ,16 ;4 29 [.7485 | .16 (| 38 |.8854 | .16 [{ 47 [,9709 | ,16
3 |.1205 | .27 12 |.3546 | ,27 21 |.5681] .27 30 | .7485 | .27 39 |.8854 | .27 || 46 ¢,9709 | .27
4 |.1205 | ,38 13 |,3546 | .38 22 | .56811 ,38 31 |.7485 | [3B || 40 L8354 | .28 || 48 .STDB .38
5 [.1205 | .90 14 |,254€ | 50 23 |,56811] .50 32 |.74B5 | .30 a1l .8854 | .50 50 §.9709 ;55
6 |.1205 | .62 15 |,3546 | .62 f|.24 |.5681] .62 33 [.7465 | 82 42 .8854 | .62 S1 |.9709 ] .62
7 |.1205 | .73 18 |,3548( .73 23 | ,5881 | ,73 34 |,7485 | .73 43 .8854 | .72 52 |,9709| .73
8 |.1205 | .84 17 |.3546 | .84 26 | 5681 ,84 35 |.7485 | ,B4 44 .8854 | ,B4 || B3 [.9709( ,84
9 |.1205 | .95 18 .3546_ .99 27 |.5681( .95 36 [,7485 .95 (| 45 | .B854 .85 54 |.9709] .95
1
N I | YL R A
55 [ .,4470] ,93]|| 58 | ,2290( .95
56 | .4470| 84| 59 [.2290 | .84
57 | .4470( 73] 80 |,2290( .73
mPnints 55 to 60 were added 1o define the nacelle motion for modes 3 to 9.
Figure 11.- Model control points (Pt) for vibration tests.
L-9348
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